Background Medical activity performed outside regular work hours may increase risk for patients and professionals. There is few data with respect to urgent colorectal surgery. The aim of this work was to evaluate the impact of daytime versus nighttime surgery on postoperative period of patients with acute colorectal disease. Methods A retrospective study was conducted in a sample of patients with acute colorectal disease who underwent urgent surgery at the General Surgery Unit of Braga Hospital, between January 2005 and March 2013. Patients were stratified by operative time of day into a daytime group (surgery between 8:00 and 20:59) and the nighttime group (21:00-7:59) and compared for clinical and surgical parameters. A questionnaire was distributed to surgeons, covering aspects related to the practice of urgent colorectal surgery and fatigue. Results A total of 330 patients were included, with 214 (64.8 %) in the daytime group and 116 (35.2 %) in the nighttime group. Colorectal cancer was the most frequent pathology. Waiting time (p < 0.001) and total length of hospital stay (p = 0.008) were significantly longer in the daytime group. There were no significant differences with respect to early or late complications. However, 100 % of surgeons reported that they are less proficient during nighttime. Conclusions Among patients with acute colorectal disease subjected to urgent surgery, there was no significant association between nighttime surgery and the presence of postoperative medical and surgical morbidities. Patients who were subjected to daytime surgery had longer length of stay at the hospital.
Introduction
According to the report published in 1999 by the Institute of Medicine, medical errors result in more than 98,000 deaths annually in the USA. Surgical complications are considered the second leading preventable cause of morbidity/mortality. Fatigue and excessive working hours are potential factors for medical errors [1] . Medical activity performed outside regular working hours may represent risk for patients and health professionals [2-4]. Doctor's proficiency and situation awareness are smaller at night, and several studies have shown the effects of fatigue and sleep deprivation in performance [5, 6] . Sleep deprivation affects cognitive and psychomotor performance, leading to a higher risk of surgical complications [7, 8] .
Several studies have associated nighttime surgery with increased surgical complications, comprising different areas such as organ transplantation, gynecology, orthopedics, etc.
[2-4, 9, 10]. Therefore, the most effective method to reduce the complications' risk is rethinking what pathologies and respective presentation constitute a need for nighttime surgery and what interventions should be delayed [8, 11] . There are several factors involved in this decision: patient factors (comorbidities) that may require optimization before the surgical procedure and hospital factors that may arise from elective procedures' list performed during the day, leaving few theaters available to urgent cases [12] .
However, other studies show contradictory results. There is no significant association between the operative time of day and survival up to 1 year after thoracic organ transplant [13] . Nighttime kidney transplantation is not associated with increased risk of surgical complications, and survival is independent of the operative time of day [14] . In hip fracture surgery, apart of operative time of day, postoperative complications and postoperative 30-day mortality are comparable, and when an appropriate surgical team is on duty, there was no significant difference between postoperative morbidity and mortality [15, 16] . Regarding colorectal surgery, it seems that nighttime colorectal surgery is an independent risk factor for anastomotic leakage and patients having nighttime urgent and emergent colorectal surgery were more likely to die [17, 18] .
The acute colorectal disease can become a life-threatening condition, and opposed to elective procedures, urgent surgery is associated with high rates of morbidity and mortality, even in countries with an excellent health care system [19, 20] . In Portugal, according to the General Direction of Health, 3450 surgeries were performed in colorectal patients with acute complaint, adding up 2.9 % of total urgent surgeries.
Due to controversy and the lack of studies from different hospitals throughout the world about urgent colorectal pathology, we aim to study the influence of nighttime surgery in the postoperative medical and surgical complications.
Patients and methods
After receiving hospital ethical approval, a retrospective review of medical files was conducted of all patients who underwent urgent colorectal surgery (colorectal pathology with admission on emergency room and patients who required surgical procedure after having been treated on a medical ward) at Hospital Braga institution (teaching hospital) between 1 January 2005 and 31 March 2013, obtaining a total of 330 patients: 197 male patients (59.7 %) and 133 female patients (40.3 %). Patients with missing data in surgical logbook, undergoing elective or ambulatory surgery, or other procedures out of colorectal segment, or those who had a waiting time to surgery upper than 336 h were excluded from this study.
The study population was divided into two groups based on the operative start time of surgery to allow comparison of both groups: the daytime group (n = 214, 64.8 %)-patients who had surgery that started between 8:00 and 20:59-and the nighttime group (n = 116, 35.2 %)-patients who had surgery that started between 21:00 and 7:59. The nighttime period setting is due to the OR nurse shift, since at our institution, they exchange at 8:30/20:30. Medical team has a different urgency shift, performed on 24 h (8:00-8:00 next day), according to a rotation scheme, including two attending surgeons and two residents. The teams being on call have their own OR during the daytime for urgent procedures. In case of an emergency, the first OR (we have a total of 12 OR) getting empty will be used for the surgical procedure.
Both groups were compared for demographic data, medical co-morbidities (medical pathology history), preoperative status, underlying disease and presentation, site of lesion, waiting time (time between surgical team evaluation and operation time), operative start time, operative details, hospital stay (from admission to discharge), postoperative morbidity (medical and/or surgical complications), and mortality. Patient survival was obtained by calculating the time elapsed between the date of surgery and the date of the last recorded contact, as documented in the medical record. All surgical procedures were supervised by an attending surgeon with at least 10 or more years of practice.
A self-filling, anonymous, and confidential questionnaire was distributed to surgeons of General Surgery Department of Hospital of Braga, covering aspects related to the practice of urgent colorectal surgery and fatigue.
Continuous variables were expressed as means and standard deviations and compared between the two groups using Student's t test. The homogeneity of variance was tested using the Levene test. Categorical variables were expressed as proportions and compared between the two groups using chisquared test or Fisher's exact test. Finally, a multiple linear regression analysis was performed to determine the significant predictor factors of hospital length of stay (postoperative characteristics proxy). With this model, we also have analyzed the effect of operative time of day on dependent variable, knowing the relevant variables.
Data was analyzed in Statistical Package for the Social Sciences version 21.0 (SPSS Inc., Chicago, IL, USA). A p value <0.05 was considered significant. Missing values comprise characteristics without applying for specific data or data unavailable for consultation.
Results

Socio-demographic and clinical-surgical characteristics
Patients presented a mean age of 66.6 years (range 2-92). Regarding body mass index (BMI), 16 patients (6.0 %) were underweight and 40 patients (15.1 %) were obese. Most of the patients (71.8 %) had no smoking history or alcoholism habits (65.4 %). About one third of the patients (38.0 %) had an American Society of Anesthesiologists (ASA) score of II, and a half presented normal levels of C-reactive protein (CRP) (51.5 %). Nearly half of the patients presented normal leucocyte count and hemoglobin level (55.4 and 49.4 %, respectively). Previous to the surgery, the majority of patients did not present hypoalbuminemia (80.6 %) or thrombocytosis (87.9 %) and had no history of steroid use as usual medication (83.0 %). Almost half of patients (49.4 %) had prior abdominal surgery. The comparative analysis of the nighttime surgery group and daytime group revealed similar sociodemographic and clinical characteristics (Table 1 ), except for a high incidence of preoperative anemia in the daytime surgery group [p = 0.008; φc = 0.207].
Regarding co-morbidities, 80.6 % of the patients presented some co-morbidity. Nearly half of the sample (47.9 %) had hypertension. Conversely, the majority of patients displayed no dyslipidemia (77.8 %), cardiac, or pulmonary comorbidities (87.7 and 90.4 %, respectively). The comparative analysis found no statistically significant difference.
With respect to the colorectal disease, 136 patients (41.2 %) had colorectal cancer, the leading disease with urgent indication. The most frequent pathology site was sigmoid location (42.6 %). Regarding the clinical presentation, the most common was intestinal obstruction (44.8 %) followed by peritonitis (29.7 %). Twenty-two patients presented sepsis (6.6 %). There were no statistically significant differences between the two groups. 1-315 h) . Furthermore, the mean operative time was 107.11 min (range 12-315 min). The leading surgeon was most of the time an attending surgeon (68.6 %).
With respect to the procedure, Hartmann's procedure (27.2 %) was the most selected, followed by stoma procedure (25.7 %). Of the procedures, 15.2 % were palliative versus curative intent. Almost all of the cases presented no intraoperative complications (96.7 %) or iatrogenic injuries (91.8 %) nor needed blood transfusion (76.4 %).
No statistically significant difference was found between the groups with respect to colorectal disease and surgical characteristics (Table 2) 
Postoperative morbidity analysis
Analysis of postoperative characteristics is summarized in Table 3 . The mean hospital length of stay was 18 days (range 1-159), and the mean intensive care unit (ICU) length of stay after surgery was 2 days (range 0-89). Moreover, the majority of patients were not hospitalized in ICU (77.2 %) after surgery nor had necessity of relaparotomy (86.5 %). Most of the patients (61.5 %) had no postoperative medical morbidity, and less than a half had surgical morbidity (32. With respect to early complications, 4.9 % of the patients had wound infection, 3.4 % had stoma complication, 4.0 % had anastomostic dehiscence and 5.8 % dehiscence of the suture, 9.8 % had abscess, 6.1 % had enterocutaneous fistula, and 2.2 % had colorectal bleeding. Overall, the mortality rate was 25.0 % at postoperative 30 days.
Between the surgery and the last contact with hospital, a total mean of 24 months elapsed (range 0-107). About 13.1 % of patients had incisional hernia, 39.2 % had a definitive stoma, and 14.9 % had a relapse of the colorectal disease. Overall, the mortality rate at postoperative 6 months was 34.1 %. There was no difference statistically significant between the groups.
Multiple linear regression model predictor of hospital length of stay
The multiple regression model with the considered set of predictors was found to be significant [F(9, 220) = 33.016; p < 0.001; R 2 a = 0.557] ( Table 4 ). The significant predictors were ICU length of stay (β = 0.525; t(220) = 11.283; p < 0.001), waiting time (β = 0.301; t(220) = 6.417; p < 0.001), relaparotomy (β = 0.277; t(220) = 5.902; p < 0.001), morbidity (β = 0.103; t(220) = 2.13; p < 0.028), and co-morbidity (β = 0.099; t(220) = 2.103; p = 0.011). Despite statistically significant differences between the two groups with respect to length of stay (Table 3) , the operative time of day was not a significant predictor of length of stay in this model. Nevertheless, this model explains about half of the variability in the length of hospitalization. In other words, 55.7 % of the variability in the hospital length of stay can be explained by the significant predictors named above.
Surgeon survey
Surgeons reported ( Table 5 ) that they have worked in the week preceding the shift period, about 53.70 h and they slept a mean of 5.8 h (range 3.5-8.0) in the preceding 24 h. Of the surgeons, 57.1 % rated their fatigue level during nighttime (urgency shift) as Bvery tired,^and 100 % considered less able to operate in nighttime. At least, 59.1 % agreed to postpone surgery safely.
Discussion
Despite all the studies done in colorectal surgery [17, 18] , the present survey is the only analysis evaluating the relationship between nighttime urgent colorectal surgery and medical and surgical morbidity, a particularly important issue, especially concerning the patient safety.
With respect to clinical findings in preoperative time, patients operated during daytime present higher anemia rate. However, this is only a clinical finding, since using multivariate analysis, anemia does not predict a longer hospital length of stay nor there are other statistically significant associations that could be explained by this finding.
Regarding the waiting time, patients from daytime group waited longer to be operated. Patients admitted during daytime were probably postponed until the day after presentation or a day or two after that, since they did not constitute indication to surgical procedure (for example, in diverticulitis, we try first the conservative treatment, only in the case of failure we do the intervention). Another reason might be the availability of OR for nighttime period after scheduled cases have been completed and also the decision of the surgeon to postpone surgery for next day, since 100 % of surgeons considered themselves less able to operate in nighttime. At least, 59.1 % agreed, to postpone surgery safely for the next morning by several factors: patients (lack of surgical conditions, anticoagulation), logistics (availability of OR), and surgical team (fatigue). Fatigue is a crucial factor as having a substantial role in medical errors [1] . Indeed, physicians with nighttime professional activity have their cognitive and psychomotor performance committed [22, 23] . Of the surgeons, 57.1 % rated their fatigue level during nighttime (last urgency shift) as very tired. This is due to the fact that in the preceding 24 h, they slept a mean of 5.8 h (range 3.5-8.0) and healthy adults require a sleep daily average of 8 h [24] . Partial sleep deprivation (<5 h) has an impact on clinical proficiency [25] . To prevent medical errors, there are restrictions regarding working hours. At our institution, urgency shifts function according to a rotation scheme in which each team performs a 24-h shift per week. Surgeons reported that they have worked in the week preceding the shift period, about 53.70 h, higher than legislation stipulated [26] .
Nevertheless, no statistically significant differences were found between the medical and surgical morbidity, which contrasts with the existing literature, which showed higher rate of anastomotic leakage in patients undergoing nighttime colorectal surgery and increased mortality in patients undergoing nighttime urgent/emergency surgery in relation to daytime surgery [17, 18] . Unlike Elshove-Bolk et al. [18] that demonstrated less involvement of attending surgeons in nighttime colorectal surgery, this study showed that they performed the leading role in most of the nighttime surgeries. This is particularly relevant in the light of evidence suggesting that patients undergoing colorectal urgent surgery by an unsupervised resident are at increased risk of postoperative complications [27] .
Daytime group had significantly greater overall length of stay, unlike shown by Lee et al. [2] . Despite that, there were no differences in co-morbidities and postoperative morbidity or mortality between both groups. Perhaps daytime surgery patients were truly more urgent and therefore sicker than were the nighttime patients, or the longer delay before daytime surgery allowed a greater progression of the acute colorectal disease, which could lead to a longer postoperative recovery.
Using a multiple linear regression model, length of stay predicting factors are waiting time, ICU length of stay, since they are included in hospital length of stay; relaparotomy and postoperative morbidity (medical and/or surgical), since they add more days to the postoperative period in order to restore functions or to fix a problem associated with postoperative complications. Surprisingly, operative time of day did not seem to predict significantly hospital length of stay, and patients subjected to nighttime surgery presented with significantly shorter hospital length of stay. With respect to overall mortality rate, several studies report a rate between 6.2 and 28.3 % [27] [28] [29] . However, only one study about acute disease included several etiologies and presentations, which presented a mortality rate of 16.4 % and a morbidity rate of 53.4 % [25] . The present study demonstrated an overall mortality rate at 30 days about 25.0 %. This higher rate can be explained by the fact that this study included several etiologies and acute pathology with urgent surgical indication, in which it is not possible to optimize patient's clinical condition.
Despite the interesting results, there are inherent limitations to this study. A retrospective study in a single center with a nonrandomized sample selected by convenience can create a selection bias. However, the sample size has sufficient statistical power which allowed us to establish significant associations. Regarding the compiled data, there is also a bias, since data were collected from medical files, which is operator-dependent.
Nevertheless, we believe that more studies are needed to understand the relation between colorectal urgency surgery and the operatory time of day, as for instance a study that would evaluate the survival in a long-and short-term basis. The best option would be to perform a prospective multicenter study. Furthermore, it is necessary to understand which factors are associated with this relation, for example, patient factors and out-patient factors such as logistic and surgeon-related issues like sleep privation and fatigue. Moreover, it would be interesting to have epidemiological studies in Portugal (or in other countries, ideally multicountry), as well as studies about malpractice and associated complications. In conjunction, the study of these variables could contribute to create additional measures to reduce malpractice.
Conclusions
This study concluded that nighttime urgent surgery in patients with acute colorectal disease is not associated with greater postoperative medical-surgical morbidity risk when compared with daytime surgery. In fact, patients who underwent daytime colorectal surgery had longer hospital length of stay. Based in these results, the urgent procedures in patients with acute colorectal disease can be performed as urgent surgery, regardless of the time of the day.
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